Carlos-Vivas, J, Freitas, TT, Cuesta, M, Perez-Gomez, J, De Hoyo, M, and Alcaraz, PE. New tool to control and monitor weighted vest training load for sprinting and jumping in soccer. J Strength Cond Res XX(X): 000-000, 2018-The purpose of this study was to develop 2 regression equations that accurately describe the relationship between weighted vest loads and performance indicators in sprinting (i.e., maximum velocity, Vmax) and jumping (i.e., maximum height, Hmax). Also, this study aimed to investigate the effects of increasing the load on spatio-temporal variables and power development in soccer players and to determine the "optimal load" for sprinting and jumping. Twenty-five semiprofessional soccer players performed the sprint test, whereas a total of 46 completed the vertical jump test. Two different regression equations were developed for calculating the load for each exercise. The following equations were obtained: % body mass (BM) = 22.0762$%Vmax + 207.99 for the sprint and % BM = 20.7156$%Hmax + 71.588 for the vertical jump. For both sprinting and jumping, when the load increased, Vmax and Hmax decreased. The "optimal load" for resisted training using weighted vest was unclear for sprinting and close to BM for vertical jump. This study presents a new tool to individualize the training load for resisted sprinting and jumping using weighted vest in soccer players and to develop the whole force-velocity spectrum according to the objectives of the different periods of the season.
INTRODUCTION

S
printing and jumping are high-intensity actions crucial in soccer, e.g., when scoring a goal or to be better positioned to win the ball (17) . The success in such actions has been related to the athlete's capacity for maximizing power output (45) , which is determined by the force-velocity (F-V) relationship. This relationship dictates that the amount of force generated decreases as the velocity of movement increases (23) and that maximal power output (Pmax) is achieved at compromised levels of force and velocity (25) . Thus, Pmax may be improved by increasing the ability to develop high levels of force at low velocities and/o AU3 r by enhancing movement velocity (11, 31) . Theoretically, the use of low-load maximum-velocity movements can affect the high-velocity area of the F-V curve, whereas heavier loads enhance the highforce segment. In this regard, mixed methods have been shown to result in a higher increase in Pmax because of a more well-rounded development of the F-V relationship (11) .
A widely used and very fashionable approach to develop power output today is the "optimal load" training, which consists of using the load that elicits Pmax in a specific movement (10, 25) . In fact, it has been suggested that training with the OL is effective for improving power output (11, 31) because it provides an adequate load-specific stimulus to elicit increases in Pmax (31) . Several investigations have shown greater improvements in Pmax when the OL was used rather than other load conditions over short-term interventions lasting 8-12 weeks (11, 31) . However, the load that maximizes power in multi-joint, sports-specific movements differs significantly across different exercises because of the nature of the movement involved (20) .
There are different training methods to improve performance on abilities such as sprint or vertical jump (2, 16, 19, 38) . These methods can increase athletes' strength and power levels in its vertical and horizontal components (11) , depending on the sport needs. Most research has focused on identifying which are the most appropriate training methods that could translate the strength and power training gains to an increased performance of sportsspecific movements (11, 27) .
Regarding sprinting, resisted sprint training is one of the most used methods because it provides a mechanical overload specific to sports movements and allows the athlete to reproduce the technical gestures with an additional external load (13) . There are different resisted sprint training modalities that require different equipments used to add external resistance: sled towing, weighted vest, parachutes, running uphill, or running on sand surface (1) . The direction of the resultant ground reaction force (GRF) vector, in response to the force applied by the athlete, will have a different direction according to the sport and the conditions in which it happens; therefore, depending on the task, the work should focus more on vertical or horizontal forces. Thus, recent studies have analyzed sprint mechanics in elite athletes (33, 37) and have shown typical manifestations of instantaneous vertical, anteroposterior, and lateral component of GRFs. Data showed that the GRF vertical component is greater than the horizontal during full sprint, except in the first steps when the sprint starts from a 4-point stance static position (33, 37) . Furthermore, vertical GRF increases while the horizontal component decreases as velocity increases (33, 37) . Based on these findings and knowing that, in soccer, most sprints begin in motion (42) with the body in a more straight position (2-point stance), training with a vertical component resistance could be effective in improving performance in soccer. Furthermore, weighted vest resisted training (WVT) is a method in which resistance has a greater vertical component on the athlete's center of mass (36) , thus providing a more specific stimulus for soccer players. However, there is no scientific evidence on this matter, and the few studies that have included weighted vest as a resistance device have assessed only the effects on kinematics, using loads from 7 to 20% of the body mass (BM) (4, 6, 9, 12, 14, 39) .
With respect to vertical jump, among nonconventional power training methods, WVT has demonstrated excellent results, showing improvements of $10% with 3-10-week interventions in trained athletes (5-7). In addition, WVT use significantly increases the vertical jump performance using loads from 7 to 13% BM when compared with conventional power training (5-7). In the vertical jump, the athlete must overcome his/her BM, and the resultant force is completely vertical, acting on his/ her center of mass, where the resultant GRF is equal to the product between the player's mass and the acceleration of gravity (26) .
Therefore, WVT may be a good training method for soccer because it allows multidirectional training that is essential to this sport (21) . Likewise, WVT allows athletes to reproduce the real actions found in competition while adding an external load closer to their center of mass. Despite the importance given to other resisted training methods (i.e., sled towing) in the past, less is known regarding the F-V relationship with weighted vest. Moreover, it would be interesting to know the power output generated when the load increases to properly prescribe the OL training. Thus, the first objective of this study was to develop 2 regression equations that accurately describe the relationship between weight vest loads and performance indicators in sprinting (i.e., maximum velocity, Vmax) and jumping (i.e., Hmax). In addition, this study aimed to describe how the increase of the load affects spatio-temporal variables and power development in soccer players and to determine the OL in sprinting and jumping.
METHODS
Experimental Approach to the Problem
A cross-sectional study design was used. Testing was conducted in the midseason after 2 days of rest to avoid possible interferences caused by fatigue. All measures were taken in a single testing session. Participants performed eight 30-m sprints and 6 countermovement jumps (CMJs) while wearing a weighted vest (Kettler, Germany) with different loads to determine changes in spatio-temporal variables. Sprints were performed unloaded and using a weighted vest with an additional load corresponding to each participant's 5, 10, and 15% BM (2 trials per load). The same loads were used for CMJs up to 10% BM. These loads were selected based on the few studies that included weighted vest as a resistance device for both sprinting (4, 6, 9, 12, 14, 39) and jumping (5-7). l soccer players, competing in the Spanish National Divisions, were recruited for this study. All players had experience with WVT. Twenty-five participants performed the sprint test (height: 1.79 6 0.05 m, and BM: 72.2 6 6.7 kg), whereas a total of 46 completed the jump test (height: 1.78 6 0.06 m, and BM: 72.3 6 7.2 kg). Normal team practice and competition schedule, consisting of at least 4 training sessions and 1 match per week, were maintained during the investigation period. Only players who had no recent injuries or no medical condition that might have prevented maximal exertion were included in the study. The Ethics Committee of the Catholic University San Antonio of Murcia, in accordance with the Declaration of Helsinki (2008), approved the study. Participants were informed of the protocol and procedures before their involvement, and their written consent was obtained before their participation.
Procedures
Sprints were completed on an outdoor artificial turf 3 G soccer field, and CMJs were performed on a rigid surface in the same sports center. Participants used their own athletic wear for the tests: sports shoes for jumping and football boots for sprinting. Before starting the tests, height and BM were measured to determine the relative loads needed for the weighted vest (5, 10, and 15% BM). All participants performed a standardized specific warm-up, consisting of 8-minute low-intensity running, 5 minutes of active dynamic stretching, 3-4 submaximal CMJs, and 3-4 submaximal sprints over 30 m, increasing progressively the intensity until Vmax and with 90-second rest between trials. Afterward, all players performed the CMJ test first and, after 10 minutes of rest, they completed the sprint test. Two trials were performed for each load, and the order of the trials was randomized for each participant. the starting line and at a height of 1 m corresponding approximately to the height of subjects' center of mass, was used to measure sprint instantaneous velocity using a sampling frequency of 47 Hz. In addition, sprint time was measured with wireless photocells from Microgate's WITTY System (Microgate, Bolzano, Italy) that were placed on the starting and finish line. Only those sprints in which the velocity curve achieved a plateau zone were considered, indicating that Vmax was reached. The best sprint time for each load condition was selected for analysis, and the Vmax was used to obtain the sprint equation.
Sprint mechanical horizontal power output was computed using a valid and reliable computation method based on a macroscopic inverse dynamics analysis of the center of mass motion (40) . Raw velocity-time data were fitted with an exponential function to obtain the instantaneous theoretical velocity, which was then derived to calculate the net horizontal antero-posterior GRF and the horizontal mechanical power output (P h ) using the equations proposed by Samozino et al. (40) . The load added was taking in account to determine these variable AU8 s. P h is presented relative to total system mass (i.e., BM plus the added external weighted vest load). This model presents a coefficient of variation (CV) of 2.93 and 1.87% for maximum horizontal force and P h , respectively (40) .
Countermovement Jump Test. Countermovement jumps were assessed using a portable force platform (Kistler 9286BA; Winterthur, Switzerlan AU9 d), with a sampling rate of 1,000 Hz. A total of 6 maximum trials (2 trials for each load condition) were performed, with 90-second rest between them. Players stood over the center of the force platform with their feet placed shoulder width apart, their hands were kept on the hips throughout the execution of the jump, and the depth of the countermovement (i.e., knee flexion angle) was selfselected. They were instructed to jump as high as possible with a rapid countermovement and to land close to the point of take-off (18) . The Hmax and the maximum CMJ power (Pmax) were calculated using the take-off velocity through a customized macro for RStudio software (R-Tools Technology, Inc., Boston, MA, USA). The highest jump for each load was taken as the best trial and used to calculate the jump equation. The CMJ test is characterized by a low variability between trials (CV = 3.0%) (29) and high test-retest reliability (intraclass correlation coefficient = 0.98) (8) .
Statistical Analyses
Statistical analyses were performed using SPSS 21.0 for Windows. Descriptive statistics summarized all demographic characteristics and outcomes. Data are presented as mean 6 SD. All data were log-transformed for analysis to reduce bias arising from nonuniformity error and then analyzed for practical significance using magnitude-based inferences (24) . The effect size (ES, 90% confidence limit) in the selected variables was calculated using the SD. Threshold values for Cohen's ES statistics were as follows: .0.2 small, .0.6 moderate, and .1.2 large (24). The chance that any difference was better/greater (i.e., greater than the smallest worthwhile change, SWC [0.2 multiplied by the between-subject SD, based on Cohen's d principle, ES]) or similar or worse/ smaller than the other group, was subsequently calculated (24) . Quantitative chances of beneficial/better or detrimental/poorer effect were assessed qualitatively as follows: ,1%, almost certainly not; .1-5%, very unlikely; .5-25%, unlikely; .25-75%, possible; .75-95%, likely; .95-99%, very likely; and .99%, almost certain. If the chance of having beneficial/better or detrimental/poorer was ,5%, the true difference was considered unclear (43) . If the chance was .75%, data were considered substantially different.
RESULTS
All velocities and jump heights were converted to percentage of Vmax over 30 m and percentage of Hmax, respectively. These data were plotted against each other to produce a regression equation for sprinting (equation 1, Relative differences and qualitative outcomes resulting from the within-loads analyses are shown in T1 Table 1 , and the comparison of ESs between different tests and external load conditions for all variables measured are illustrated in Figure 2 . As (Figure 2A) . The P h data showed a possibly poorer performance with 5% BM compared with 0% BM (ES = 0.32), whereas the qualitative outcome was unclear when the other loads were compared ( Figure 2B ). These results do not clarify which is the OL for sprinting, although 0% BM is the load that produces the highest P h .
Regarding the jump test, the unloaded condition (0% BM) showed a higher Hmax than with additional loads of 5% (ES = 0.54) and 10% BM (ES = 1.11). Moreover, an additional load of 5% BM showed a greater Hmax than 10% BM (ES = 0.55) ( Figure 2C ). The Pmax data exhibited an almost certainly poorer output with 10% BM compared with 0% BM (ES = 1.08), with 5% in comparison with 0% BM (ES = 0.58), and when 10% BM was compared with 5% BM (ES = 0.46) ( Figure 2D ). These results seem to indicate that the OL is closer to the own BM for jumping.
DISCUSSION
Weighted vest resisted training is a very popular resisted training modality designed to develop strength and power of the lower limbs in many sports where sprinting and jumping are key factors such as soccer. However, the number of studies on this topic is limited because most of the knowledge in this area has been obtained from the practical experience of coaches and strength and conditioning professionals. To our knowledge, this is the first study to develop 2 regression equations that accurately describe the relationship between weighted vest loads and the Vmax in a 30-m sprint and Hmax of a CMJ in semiprofessional soccer players. Moreover, this research shows the load-velocity relationship for resisted sprint training and load-height relationship for resisted jump training using weighted vest. In addition, power output and the effects of the different loads on Vmax and Hmax for sprinting and jumping, respectively, were examined. Finally, the OL for maximizing power production in soccer players under the conditions described in this study was also obtained.
The regression equations showed a significant inverse linear relationship between load and sprint velocity and between load and jump height (p # 0.001; Figure 1A , B), respectivel AU10 y. These equations may help strength and conditioning coaches establish the load for WVT, according to the individual characteristics of each athlete. Furthermore, these tools allow determination of the different loads to develop each section of the F-V curve, individually and depending on the aims pursued or the period of the season. In soccer, players have to produce power under both unloaded (activities such as sprinting or jumping, where the athlete mainly overcomes the inertia of their BM) and loaded conditions (activities such as collisions in contact sports or changes of direction where the player must apply even greater forces to change the momentum of the body) (41) . Developing the power output across the entire F-V profile may be more beneficial because of the different demands placed on an athlete during competition (41) . Thus, both equations can be used to control and prescribe the workload and to quantify the load for WVT based on the athlete's BM.
Regarding sprinting, there are not many studies analyzing the effects of WVT, and the ones that do exist evaluated only the effects on kinematics (4, 9, 12, 14) . Therefore, to our knowledge, this is the first study that investigated the load-velocity relationship for WVT for sprinting. Nevertheless, 2 previous studies determined this relationship for resisted sprint training with sled towing (3, 28) . Lockie et al. (28) presented an equation to calculate the additional load during the acceleration phase in field-sport athletes and Alcaraz et al. (3) during the maximum velocity phase in sprinters. However, these equations cannot be compared with the one obtained in this study because the resisted training modality used was different, hence, the mechanical characteristics and conditions too (e.g., inertia, the direction of the load's vector, friction, and the proximity of the resistance device with the athlete's center of mass).
The equations presented in these previous studies (3, 28) showed the same load-velocity relationship found here; i.e., when the load increased, the Vmax decreased. With respect to the OL, our results do not clarify which load could be more effective in maximizing P h and further research is required. A study by Monte et al. (32) , with sprinters, reported that 20% BM was the OL, whereas other studies (3, 28) indicated loads around 9 and 13% of BM. However, caution should be taken when comparing the results because in the studies by Lockie et al. (28) and Alcaraz et al. (3) , the concept of OL was different because the OL was considered the load that caused a detriment of no more than 10% of Vmax in unloaded conditions. By contrast, a recent study by Cross et al. (15) suggested that heavier loads, between 69 and 96% BM, are more suitable for maximizing power output with sled towing, depending on the friction condition.
Resisted sled training (RST) and its influence on sprinting ability has been, and remains, one of the most studied resisted sprint training topics (2, 9, 15, 16, 32) . Nevertheless, according to soccer-specific sprint characteristics and key actions, RST has some limitations that could be solved with the use of different devices such as weighted vests. For example, RST does not permit changes of direction nor provides an instantaneous stimulus over decelerating actions. Hence, WVT could be an alternative method in soccer for 2 reasons. First, because this method enables loading change of direction and deceleration drills. Second, because WVT resistance has a greater vertical component (36) , it would provide a more specific stimulus for soccer players, as most sprints are fly-sprints (42) and it is well documented that vertical GRF rises while horizontal GRF decreases as velocity increases (33, 37) . Therefore, the combination of different resisted training modalities might be the ideal solution in soccer.
Concerning vertical jump, the results indicate that when the load increases, the Hmax and Pmax decrease. Therefore, the OL is close to the player's own BM for WVT. Our results are in accordance with previous studies that showed the OL closer to the individual's BM using both assisted and resisted loads (30, 34, 35, 44) and supports the idea that the muscular system of the lower body could be designed to elicit the maximum power output in rapid movements in such conditions (30) .
Although our results determined that the OL in both exercises was close to 0% BM, we must consider that the OL may change during the season. Thus, it is important to develop all zones of the F-V spectrum, focusing on each section of the curve, depending on the time of the year (25) . Traditionally, in soccer, strength and conditioning coaches prescribe heavier loads during the off-season/ preseason period to enhance the high-force section of the F-V curve and to maximize overall muscular strength. In the later part of the preseason and during the competitive phase, low-load high-velocity movements are usually used to improve the high-velocity area (11, 22) . This highlights the importance of developing the whole curve from the high-force section through the high-velocity segment (22) .
The direction of the added resistance's force vector during training is another key aspect that strength and conditioning coaches should consider when applying resisted training methods with their athletes. Particularly in soccer, where horizontal and vertical forces are important, the ideal program should combine exercises that add resistance oriented both horizontally and vertically, depending on the aims pursued in each moment of the season. For instance, the vertical jump should be trained with vertical loads, whereas sprint training should combine horizontal and vertical loading. It is well established that, in sprinting, horizontal forces are higher in the first steps and vertical forces in the remaining meters (33, 37) because athletes need to always overcome the force of gravity.
The main limitation in the present study is that testing was conducted only once for each load and we cannot exclude that this had an influence on the results. Future studies are needed to clarify what is the OL in sprinting and determine its resultant power output when WVT is used. Furthermore, it would be of great interest to investigate the effect of WVT on soccer-specific movement mechanics (i.e., changes of direction, jumps, sprints, etc.). Moreover, there is a need to determine whether a WVT intervention is more suitable than other methods to improve speed, jump, and change of direction performance in soccer players. Unpublished pilot data from our research center suggested that P h was achieved at shorter distances, in the acceleration phase, when using weighted vest in comparison with other equipment, such as sled towing or parachute.
PRACTICAL APPLICATIONS
This study presents new tools for strength and conditioning professionals to control and prescribe the WVT load based on Vmax and Hmax. The 2 equations are highly practical and allow strength and conditioning professionals to calculate the loads for WVT in sprinting and jumping exercises easily in soccer players. Tables 2 and 3 show the reference T2 values for WVT using the % BM for sprint and vertical jump, respectively. These can serve T3 as a starting point when strength and conditioning coaches want to prescribe the training as a function of the velocity or height loss, as well as for choosing the appropriate weighted vest load for each player (i.e., semiprofessional soccer players). For example, if a 70-kg player wants to work at 90% of their Vmax and Hmax, loads of 14.8 and 5.0 kg should be used, respectively.
Finally, according to the results obtained in this study, the OL is not clear for sprinting and is closer to BM for jumping. Nevertheless, we must take into account that the OL may be different at varying points in the season and it would be dependent on the athlete's force level.
